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The increased ability to detect mycotoxins has heightened awareness of the need to acquire representative samples of bulk materials for proper interpretation of test results. The heterogeneity of mycotoxin distribution in a contaminated commodity presents a real challenge to mycotoxicologists (1). Dickens et al. (2, 3) have been responsible for an extraordinary effort in identifying the sources of variation in mycotoxin distribution in contaminated materials. They have characterized the extremely skewed frequency of aflatoxin-contaminated peanuts in large lots, and have identified variance values of about 500 in samples with mean levels of toxin in the 20 ppb range (2, 3) .
Several factors contribute to the discontinuity of mycotoxin contamination of preharvest crops including: an interregional varia-1 Department of Agronomy and Plant Pathology, University of Missouri, Columbia, MO 65201. tion characterized by sporadic occurrence of a toxin within a relatively large area and only limited incidence of the substance in the same crop in adjoining regions (4) , an intraregional field-to-field difference that reflects local variation in susceptibility of crop plants to attack by toxin-producing fungi (4), variation in toxin occurrence between kernels on individual ears (5), and nonuniform distribution of toxin within tissues of contaminated kernels (6, 7) .
Earlier investigation of aflatoxin contamination of individual corn kernels demonstrated large differences in toxin levels (5) . Variation in estimation of aflatoxin levels in corn lots reflects the heterogeneity of distribution of tainted kernels within the lot and contamination levels of individual kernels. The current study was carried out to obtain further information on toxin estimate variation; corn kernels inoculated with Aspergillus f/avus during development were comingled with noninoculated kernels, and the mixtures were assayed for aflatoxin to simulate the dilution of toxincontaminated kernels experienced during harvest. Physical properties of test kernels were also examined for differences that might influence sample variation.
Experimental
Two corn hybrids were grown at Columbia, MO in 1978: B73 X Mo17 (Hybrid 1) and N28 X Mo17 (Hybrid 2). At 20 days after flowering, kernels on test ears were punctured with a pinboard device containing 85 steel pins designed to damage kernels in a 2750 sq mm area. One-half mL of a la' A. flavu5 conidia/mL suspension was atomized over the damaged kernels. Husks were pulled back to facilitate injury and inoculation; subsequently husks were repositioned and secured with rubber bands. The fungal inoculum was prepared from A. flavus NRRL 3357 grown on potatodextrose-agar in Roux flasks for 2 weeks at 28°C. Spores were washed from the surface of the agar with sterile, distilled water containing 0.01% Triton X.
At maturity, test ears were harvested and placed in 65°C forced draft dryers for 7 days; final 
Iõ o higher ratios of A. flavus-infected kernels ( Table 1) . Since visual identification of A. flavus-infected kernels is often limited to a few kernels on an ear, the preliminary test included 2 sample sizes to explore the feasibility of reducing the quantity of corn used for toxin assay. Significant variation was observed between toxin levels of the 5 and 50 g samples; the observation indicated that 50 g samples should be used in further tests. No significant difference was observed between the toxin levels of corn from the 2 test hybrids; this uniformity indicated that the technique for A. flavus inoculation of developing ears provided a relatively homogeneous contamination of test kernels. Although aflatoxin was detected in noninoculated kernels, toxin levels were considerably lower than in inoculated seed. Presence of toxin in the noninoculated kernels demonstrates the ability of the fungus to infect kernels not intentionally damaged by the test procedure and for development of the organism without the characteristic display of greenish-yellow spores.
Examination of the relationship between mean aflatoxin and standard deviation values for the 5 blends showed a distinct linear association from the lowest aflatoxin level (424 ppb) in the noninoculated kernels through 60% inoculated/40% noninoculated blend (Fig. 1) flavus and from noninoculated zones of the same test ears. Five blends of inoculated/noninoculated kernels (500 g/blend) were prepared based on weight of test kernels: 0/100%, 3.75/96.25%, 15/85%, 60/40%, and 100/0%. The blends were ground in a Raymond hammer mill with a screen containing lis in. perforations. The ground blends were mixed and assayed for aflatoxin by the AOAC official first action method (8) . Quantities of aflatoxin B l were determined on activated thin layer chromatographic (TLC) plates coated with 0.5 mm Adsorbosil-1. Plates were developed with water-acetone-CHCl a (1.5+12+88) in unequilibrated tanks, and fluorescent zones were measured densitometrically. Aflatoxin was confirmed in representative positive samples by the formation of water adduct (9) . Distribution of particles in ground corn blends was determined through classification in an Allis Chalmers (Milwaukee, WI 53500) box sorter containing 3 screens with 500, 300, and 150 .urn perforations. Measured volumes of each particle size fraction were weighed for density determinations.
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(42,458 ppb) in the 100% inoculated kernels, there was a reduction in the variance. The relative homogeneity of toxin levels in inoculated corn samples suggests that variation in field sampling could be reduced through enumeration and aflatoxin assay exclusively of kernels visually infected with A. f/avus. Subsequent extrapolations could be made to general contamination through calculations based on dilution of the toxin-containing kernels by toxin-free kernels. However, some consideration would be required for the contribution to the overall contamination by tainted kernels that did not exhibit visual presence of the fungus.
A component of variability in the acquisition of representative samples of corn is the weight distribution of individual kernels. To assess the weight relationship between A. f/avus-inoculated and noninoculated kernels, 25 individual kernels of each category were weighed and the standard deviation was computed ( Table 2 ). The results demonstrated that infected kernels of 3 of the 4 samples were significantly lighter in weight than noninoculated kernels. The standard deviations reflected greater weight variation in inoculated kernels than in noninoculated kernels.
Comparison of cumulative kernel distribution against kernel weights of inoculated and control kernels illustrates the distinct differences between the 2 categories (Fig. 2) . Noninoculated kernels are related to kernel weights on a linear basis, whereas the inoculated kernels show considerable tailing to low kernel weights. The variation in distribution of kernel weights might be used as a technique for differentiation between damaged and undamaged kernels. The nonlinear association between numbers of kernels and kernel weights could be used as a diagnostic for fungal infection and potential mycotoxin contamination if the experimental results summarized in Fig. 2 occur consistently in corn that is naturally damaged and fungal-infected before harvest.
Routinely, whole kernel samples are ground and blended before subsampling and aflatoxin assay. The distribution of toxin in the subunits could provide an additional source of sample variation if the efficacy of solvent extraction of the toxic substance(s) is dependent on particle size. The distribution of corn particles was examined in the test lots that had provided samples for aflatoxin assay ( Table 1) through classification on screens with varied perforation diameters. Although all samples had been subjected to the same grinding procedure, the distribution of particles exhibited distinct variation (Table 3 ). The number of large particles (>500 /Lm) decreased from 100% noninoculated through the mixtures to 100% inoculated. An inverse relationship was observed in the fraction of particles below 150 /Lm, Le., the highest fraction was observed in 100% inoculated material and the lowest in noninoculated kernels. " Defatted 100 g sa mples of corn were classified on a sorter containing screens with 500, 300, and 150 }lm perforations.
consistently showed a smaller proportion of <150 !Lm particles and a higher proportion exceeding 500 !Lm. Most of the variation in particle size occurred between samples of the 0-15% A. f/avus-infected kernels. The results suggest that low occurrence of A. f/avusinfected kernels from sample ears would yield heterogeneous populations of corn particles in spite of the use of a standard grinding procedure.
In addition to the association between increased fractions of smaller corn particles from A. f/avus-infected kernels, the density of particles within a specific size classification group varied (Table 4) . Densities of particles decreased in samples with increased fractions of A. f/avus-infected kernels. The results demonstrate that 2 factors must be considered in the heterogeneity of a subunit population, Le., corn particle size and density.
Results obtained in this study illustrated the relationship between aflatoxin variation and the weight percentage of A. f/avus-inoculated kernels in the test unit of corn. Examination of physical properties of ground corn particles that could influence extractability of toxins demonstrated that equivalent grinding procedures yielded particles of differing size categories between inoculated and noninoculated kernels, and that within a size group, particles from inoculated kernels were less dense than were particles from noninoculated kernels.
